ABSTRACT. When the nuclear matrix from bovine lymphocytes was digested by RNase-depleted trypsin, the bulk of the matrix proteins, except actin, were hydrolyzed. The digestion left rapidly sedimented spherical structures (trypsin-treated nuclear matrix), which mainly were composed of actin (Nakayasu, H. and K. Ueda. Exp. Cell Res. 143, 55-62, 1983). Almost all the small nuclear RNAs of the original nuclear matrix remained associated with these actin spheres after trypsin digestion.
Nuclei of eucaryotic cells contain a fibrogranular complex, generally called the nuclear matrix (2, 6, 14) . Except for its surface lamina, which consists mainly of lamin proteins (12, 16, 35) , little has been reported on the meshwork of fibrous materials that traverse the nuclear interior. It is likely that this interior meshwork participates in such nuclear functions as DNA replication (9, 15, 31) , RNA processing (18, 21, 23) .
Recently, we found that actin is a main component of the interior materials (27) in the bovine lymphocyte nuclear matrix. The existence of nuclear actin also has been reported in rat liver (9) , Xenopus oocytes (8, 22) , Physarum polycephalum (17) , and dimethylsulfoxide-treated cells (11, 34) . The function of this nuclear actin, however, has yet to be determined.
SnRNPs have been found in isolated nuclear matrices from rat liver (24) , fibroblasts (37) , chick oviduct cells (7) and bovine lymphocytes (26) . In a previous paper (26) , we demonstrated that bovine snRNPs could be dissociated both with a high salt buffer and a low salt buffer that contained ATP, calcium ion, EDTA and DTT and that their release was sensitive to magnesium ion. The conditions of release were closely related to the condition that causes the depolymerization of F-actin.
Abbreviations used snRNA, small nuclear RNA; snRNP, small nuclear RNA-protein complex; hnRNA, heterogeneous nuclear RNA; hnRNP, heterogeneous nuclear RNA-protein complex ; EDTA, ethylene-diaminetetraaceticacid ; DTT, dithiothreitol; SDS, sodium dodecyl sulfate.
Therefore, we assumed that the snRNPs are anchored on actin filaments in the nuclear matrix. We here show evidence that small nuclear RNA-protein complexes (snRNPs) do anchor on the actin filaments of the bovine lymphocyte nuclear matrix. Blue.
RESULTS
The nuclear matrix from bovine lymphocytes shows relatively simple protein bands on SDS-gel; 68K (lamin B), 53K, 43K (actin) and minor components. Therefore, it is a suitable material with which to study the locations and functions of proteins in the nuclear matrix. We elsewhere have reported that the actin filaments in the nuclear matrix are located mainly in the matrix's interior, where they presumably interact with the fibrogranular structure and /or the residual nucleoli (27) . Trypsin digestion of the nuclear matrix. When the nuclear matrix was digested with trypsin, the bulk of the matrix proteins were hydrolyzed, but about 80 % of the actin remained associated with the rapidly-sedimented spherical structure, which had the same size as the original nuclear matrix (27) . We also studied the chemical composition of the trypsin-treated nuclear matrix and found that considerable amounts of snRNAs and ribosomal RNAs remained associated with the spheres. During our studies, we became aware of RNase contamination in commercial trypsin. Therefore, digestion was carried out with RNase-depleted enzyme obtained by the affinity chromatography described in MATERIALS AND METHODS. Fig. 1 shows the results. Except for actin, the bulk of the matrix proteins was hydrolyzed (Fig. 1A, lane 11) , but almost all the snRNAs remained associated with the spheres (1B, lane 11) . This suggests that snRNPs are anchored on the actin network of the matrix.
As described elsewhere (26) , the snRNPs in the nuclear matrix sedimented as uniform, 10S core particles when they were extracted with high salt buffer. The snRNPs, however, sedimented as nonhomogeneous particles when prepared by sonication. This polymorphism of the snRNPs was not due to aggregation but to the association of snRNPs with a proteinous structure from the nuclear matrix (26) . Sedimentation patterns of the snRNAs obtained by sonication of the native nuclear Fig. 3 . Adsorption of snRNPs on myosin-Sepharose. Freshly prepared nuclear matrix (5 mg protein) (lanes 1-4) and trypsin-treated nuclear matrix (lanes 5-8) obtained from the same amount of the nuclear matrix (using 100 itg trypsin) were suspended in 2 ml of 0.1 M Tris-HCl buffer, pH 7.5, containing 1 mM DTT and 1 mM EDTA then sonicated as described in Fig. 2 . After centrifugation at 10,000 rpm for 30 min, the supernatants were mixed with myosin-Sepharose (1 ml) then held in an ice bath for 4 h with mild stirring, after which the mixture was centrifuged at 3,000 rpm for 5 min. The supernatants were removed and the precipitated myosin-Sepharose washed twice with 10 ml of the same buffer. The supernatant and the wash were combined (unbound fraction) and the myosinSepharoses treated twice for 30 min with mild stirring in 5 ml of the same buffer containing 5 mM ATP. The two extracts were combined (ATP fraction), and the residual myosin-Sepharoses extracted with the same buffer, containing 0. matrix and the trypsin-treated nuclear matrix are shown in Fig. 2 . They are almost identical in spite of the digestion of the proteins. Actin was detected in each fraction which contained snRNPs. The results indicate that the polymorphism of the snRNPs was due to association with actin filaments of various lengths. SnRNPs extracted with high salt buffer from the trypsin-treated matrix sedimented as uniform, 10S particles (data not shown).
Binding experiments on myosin-Sepharose. Results also were obtained by using myosin-Sepharose. If the snRNPs really do bind to the actin filaments, they would be adsorbed naturally on the myosin-Sepharose through its actin filaments. The actin filaments that came from the matrix (Fig. 3) were adsorbed on the myosin-Sepharose; almost all of the other matrix proteins were not. The snRNPs also bound to the myosin-Sepharose and were eluted together with actin when 5 mM ATP was added (Fig. 3B, lane 3) . The same results were obtained with the trypsin treated nuclear matrix (3B, lane 7). About 1/3 of the actin and 1/3 of the snRNPs were present in the ATP-eluted fractions. Elution was not triggered by a change in ionic strength when ATP was added because little snRNPs were eluted with 0.2 M Tris-HC1 buffer (data not shown). It is possible that the snRNPs bind directly to the myosin-Sepharose. It was however, very difficult to explain why the snRNPs were released by ATP. Thus, our results suggest that the adsorption and elution of the snRNPs took place through the actin filaments with which the snRNPs are associated.
The binding of the snRNPs to actin filaments might have been an artifact formed during preparations. If the snRNPs or snRNAs have an affinity for actin, the snRNPs could be transferred from their original positions to the actin filaments in the nuclei. To check this possibility, we tried to obtain actin from bovine lymphocytes. Our purified bovine actin, however, had lost much of its polymerizing activity. Therefore, we experimented with rabbit muscle actin instead of lymphocyte actin. The purified actin filaments from rabbit muscle were not adsorbed on either the snRNAs or snRNPs from the bovine lymphocyte nuclear matrix. We used 0.1 M NaCl and 1 mM MgCl2, but the ionic strength of the buffer used to prepare the nuclear matrix (0.5 M NaCl, 2 mM MgCl2) is much higher than this buffer. Therefore, it is clear that the association of snRNP with actin filaments is not an artifact during preparation of the nuclear matrix.
DISCUSSION
Actin is present not only in cytoplasm but also in cell nucleus (8, 9, 10, 17, 22, 27) , but little has been reported concerning the function of the nuclear actin. The results we have reported here indicate that the snRNPs in the bovine lymphocyte nuclear matrix anchor on the actin filaments of the nuclear matrix. It is still not clear whether these snRNP core particles (10S particles) are bound directly or indirectly to the actin filaments. We demonstrated, however, that bovine snRNPs are unable to form a complex with rabbit muscle actin. Because of the conservation of the amino acid sequence of actins, it is difficult to believe that snRNPs bind directly to the lymphocyte actin filaments. We think that there is a yet unknown protein(s) with an affinity for both the snRNPs and actin. This snRNP binding protein(s) must be resistant to trypsin. Zeller et al. (38) found an snRNP-binding protein; but did not report whether it could bind to the actin filament.
When snRNPs were extracted from the nuclear matrix with high salt buffer, they acted as 10S core particles in which there was no actin. Therefore, binding between the snRNPs and the snRNP-binding protein might be salt labile. If this is true, it is important to determine whether the snRNP binding protein is common to each snRNPs. When actin filaments in the nuclear matrix were depolymerized with a low salt buffer containing ATP, DTT, EDTA, calcium ion and 10 % formamide, the bound snRNPs released had different sedimentation constants in sucrose density gradient centrifugation (26) . This may signify that the snRNP binding protein(s) differents for the corresponding snRNPs.
It is also possible that the snRNPs are bound to the actin filaments by high molecularweightRNAs,suchaspre-mRNAorpre-rRNA.TheseRNAsmightwell remain with the nuclear matrix after trypsin digestion because they are visible at the top of the polyacrylamide gel (Fig. 1) . The snRNPs might bind to these RNAs by a specific sequence, e.g. by a consensus sequence. The binding between the snRNPs and the nuclear matrix, however, is salt labile. In contrast, the binding of these high molecular weight RNAs is resistant to a high salt concentration (unpublished data). The hydrogen bond is resistant to large amounts of salt. Therefore, we believe that the snRNPs may bind to the actin filaments through some protein(s) that has an affinity for both the snRNPs and actin filaments, not through the high molecular weight RNAs.
Are all of the nuclear matrix snRNPs associate with actin? The quantity of snRNPs bound on the nuclear matrix was not changed by trypsin digestion (Fig. 1) . Therefore, our results indicate that all the snRNPs are bound to the actin filaments. The possibility, however, remains that part of the snRNPs are anchored to a protein filament(s) that is resistant to trypsin. Even if this is true, such snRNPs can be neglected because actin is the only major protein left in the trypsin-treated nuclear matrix.
